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512a Tuesday, February 28, 20128-(4-chlorophenylthio)-2’-O-methyladenosine-3’, 5’-cyclic monophosphate
(cpTOME), an analogue of cAMP. Simultaneous measurements of intracellular
calcium ([Ca2þ]i) with Fura-2 and isometric force were made in RV trabeculae
before and during cpTOME application. At 1.5 mM [Ca2þ]o, 10 mM cpTOME
had no effect on the amplitude of [Ca2þ]i transients (0.7 5 0.1 to 0.7 5 0.1,
P ¼ 0.35) or on twitch force (24.1 5 5.2 mN mm2 to 22.80 5 4.62 mN
mm2, P ¼ 0.20) (n = 7). However, at 0.5 mM [Ca2þ]o, cpTOME increased
peak stress from 10.5 5 2.8 mN mm2 to 15.0 5 2.7 mN mm2, P = 0.01
(n = 6), but without any change in [Ca2þ]i transients (P = 0.16). The force-
[Ca2þ]i relationship of intact trabeculae exhibited increased myofilament Ca
2þ
sensitivity with cpTOME at low [Ca2þ]o but not at 1.5 mM [Ca
2þ]o. In isolated
cells, cpTOME increased Ca2þ spark frequency (Fluo-4) from 6.6 per 100 mm3
s (n = 3) to 32.3 per 100 mm3 s (n = 9), P = 0.05, with a reduction in the peak am-
plitude of the sparks. The latter result recapitulates the idea that changes in RyR
sensitivity do not alter the amplitude of Ca2þ transients (Eisner, 2009).
2610-Pos Board B380
P21-Activated Kinase (Pak1) is a Direct Modulator of Cardiac Excitation-
Contraction Coupling (ECC) Gain
Jaime DeSantiago, Dan J. Bare, Katherine A. Sheehan, Yunbo Ke,
R. John Solaro, Kathrin Banach.
University of Illinois at Chicago, Chicago, IL, USA.
Ras related proteins regulate the activity of the serine-threonine protein kinase
Pak1, which has been implicated in the regulation of cytoskeletal dynamics and
motility. Recent evidence points to its role in cardiac ECC by attenuation of the
b-adrenergic stimulation of ICa,L and IKr through activation of the phospha-
tase PP2A. To further determine the role of Pak1 in cardiac ECC we analyzed
the Ca handling properties of isolated ventricular myocytes (VM) from Pak1-/-
mice by laser scanning confocal microscopy. Isolated VMs from Pak1-/- mice
exhibited a reduced Ca transient amplitude (D F/F0 WT: 1.78 5 0.22 n=10;
Pak1-/-: 1.26 5 0.18 n=7, p<0.05) that was not based on a decrease in the
load of the sarcoplasmic reticulum (WT: 5.58 5 0.32; Pak1-/-: 4.82 5 0.31)
or a decrease in the current density of ICa,L (@-10mV: WT: 4.15 0.5 n=11
pA/pF; Pak1-/-: 4.025 1.6 n=9). However, the rise time of the Ca transient
in Pak1-/- myocytes was significantly delayed (WT: 79 5 5 ms; Pak1-/-:
119 5 7 ms, p<0.05). The reduced amplitude could be based on a modified
gain between Ca influx and Ca induced Ca release through the ryanodine recep-
tor. b-adrenergic stimulation with isoproterenol (100 nM) not only rescued the
Ca transient rise time in Pak1-/- myocytes but induced an exaggerated increase
in Ca-transient amplitude (F/F0: WT: 4.4550.25; Pak1-/-: 5.2250.26;
p<0.05) and decrease in tau (WT: 159.858ms; Pak1-/-: 12153ms;
p<0.05). The direct involvement of Pak1 in this process is suggested by the re-
versal of all parameters to control conditions by adenoviral overexpression of
Pak1 in Pak1-/- VMs. Our results further support the role of Pak1 as a modulator
of b-adrenergic stimulation in VMs and indicate a novel role in the mainte-
nance of cardiac ECC gain.
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Duchenne muscular dystrophy (DMD) is a genetic disorder characterized by se-
vere muscle wasting. Dystrophic muscles exhibit activated immune cell infil-
trates with up-regulated inflammatory gene expression and increased NF-kB
activity, but the contribution of the skeletal muscle cell to this process has
been unclear. The aim of this work was to study the resting calcium [Ca2þ]
rest deregulation and its possible link with NF-kB up-regulation and iNOS ex-
pression in mdx myotubes.
[Ca2þ]rest was measured with Ca2þ-selective microelectrodes and NF-kB
transcriptional activity was studied using luciferase reporter and immunofluo-
rescence in wt and mdx myotubes. Gene expression was studied by real time
PCR.
[Ca2þ]rest was higher in mdx than in wt myotubes (30856 vs 11352 nM,
p<0.001). Both the inhibition of Ca2þ entry (Gd3þ and low Ca2þ solutions)
and blockade of ryanodine (Ry) receptors or IP3 receptors (XeB), reduced
[Ca2þ]rest in mdx myotubes. Basal activity of NF-kB was significantly up-
regulated in mdx myotubes. This was shown by an increased p65 nuclear local-
ization and increased transcriptional activity, which could be reversed by
inhibitors that reduced [Ca2þ]rest. Levels of mRNA for TNFa, IL-1b and
IL-6 were similar in wt and mdx myotubes, whereas iNOS expression was in-
creased 5-fold in mdx myotubes. Moreover, both NF-kB inhibition and [Ca2þ]
rest inhibitors reduced iNOS gene expression.We propose that NF-kB is constitutively active in mdxmyotubes, modulated by
increased [Ca2þ]rest and this condition can account for iNOS overexpression
in dystrophic myotubes. We hypothesize that the differences in NF-kB activity
may help to understand the mechanisms of muscle damage in DMD.
Fondecyt 1110467, FONDAP15010006 and AFM14562 (EJ). NIH AR43140,
AR052354 (PDA, JRL), AT-24100066 and VAA travel support, Universidad
de Chile (FA).
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Skeletal muscle growth and development from embryo to adult consists of a se-
ries of carefully regulated changes in gene expression. In our previous tran-
scriptional profiling study [Sporer et al., BMC Genomics 12:143 (2011)], our
experiments using a turkey skeletal-muscle-specific oligonucleotide microarray
revealed that more than 3,000 genes were differentially expressed as a function
of three critical stages of muscle development: hyperplasia (18 d embryo), hy-
pertrophy (1 d post-hatch), and mature muscle (16 wk). The genes versican,
matrix Gla protein (MGP), and death-associated protein 1 (DAP1) were se-
lected for further study for their potential effects on modulation of muscle sat-
ellite cell proliferation and differentiation. Moreover, these genes exhibited
large fold-changes in expression as a function of muscle development in the
turkey. Small interfering RNA was used to knock down expression of these
genes during proliferation and differentiation of cultured turkey muscle satellite
cells; DNA content and creatine kinase activity were quantified as markers of
proliferation and differentiation, respectively. Knockdown of each of the genes
was associated with altered rates of proliferation and differentiation. Versican
and MGP predominantly affected proliferation, but later stages of differentia-
tion were also affected by the knockdown of versican and MGP. The knock-
down of DAP1 dramatically inhibited satellite cell differentiation to form
myotubes, with reduction in creatine kinase activity of up to 90% compared
to the control. Microarray and pathway analysis of the proliferating and differ-
entiating DAP1 knockdown cells indicated that several genes associated with
calcium signaling were differentially expressed. This is the first report that
these genes, with no previously documented functions in regulation of muscle
development, may play critical roles in muscle cell proliferation and
differentiation.Membrane Receptors & Signal Transduction I
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The human immunodeficiency virus (HIV) almost entirely depends on CCR5,
a host-encoded chemokine receptor member of the G protein-coupled receptor
(GPCR) superfamily, for infection of target cells and hence for transmission
from person to person. Inhibiting CCR5 is a viable strategy to prevent viral in-
fection since individuals expressing a truncated version of this protein are per-
fectly healthy. While native chemokines can display some weak anti-HIV
activity, it has been shown that N-terminally-modified analogues of the native
CCR5 ligand RANTES/CCL5 are much more potent inhibitors: analogues such
as PSC-RANTES, 6P4-RANTES, 5P12-RANTES, and 5P14-RANTES, have
potencies in the picomolar range.
PSC-RANTES owes its anti-HIV potency to its capacity to induce long-term
sequestration of CCR5 inside target cells. This molecule is a strong agonist
of CCR5 and activation of the receptor was believed to be required for internal-
ization.While some recombinant chemokines like 6P4-RANTES exhibit a com-
parable pharmacological profile to PSC-RANTES, others such as 5P12-
RANTES and 5P14-RANTES do not, which led us to conclude that anti-HIV
potency can be achieved by different mechanisms: 5P12-RANTES is capable
of efficiently blocking CCR5 without removing the receptor from the cell sur-
face and without activating it; 5P14-RANTES displays comparable anti-HIV
potency while causing only partial internalization in the absence of detectable
receptor activation.
Because CCR5 needs to be mobile in the cell membrane for HIV infection, we
investigated the effect of RANTES analogues on the diffusion dynamics and
spatial distribution of CCR5 in the cell membrane, using single-particle track-
ing and blink microscopy techniques in combination with quantum-dot or
Tuesday, February 28, 2012 513asmall-fluorophore labeled antibodies. We observe confined diffusion, directed
diffusion, as well as an immobile fraction of receptors and show how ligand
binding affects the short-range and long-range diffusion coefficients.
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Tumor growth and metastasis are processes exploiting chemotaxis - directed
cell movement in a chemical gradient. Currently, a lot is known about the re-
ceptors and chemokine molecules responsible for chemotaxis. One essential
pair is the G-protein coupled receptor CXCR4 and its ligand stromal cell-
derived factor-1 (SDF-1). This pair was recently shown to play an important
role in Ewing’s sarcoma metastasis. The pathways following chemokine-
receptor binding are known as well, but there is still not enough understanding
of the molecular mechanisms of gradient sensing.
Here we investigate a cell line derived from Ewing’s sarcoma. Using single
molecule imaging and microfluidics techniques, we study the cell’s response
to stimulation with SDF-1. For this purpose we analyze local receptor stoichi-
ometries, dynamics of multimerization and analyze receptor mobility. In an in-
tegral approach those molecular insights are complemented by whole cell
behavior characterization, like mobility in controlled chemokine gradients. Re-
sults of this work will highlight the molecular machinery of chemokine gradient
recognition and its effect on cell motility in the context of cancer spreading.
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Mutation resistance is currently a problem for anti-HIV therapies that inhibit
protease and reverse transcriptase mechanisms. HIV penetration is initiated
by viral surface proteins interacting with host cell receptors, such as the G
protein-coupled receptor (GPCR) CXC Chemokine Receptor 4 (CXCR4),
and targeting this protein represents a viable solution to resistance setbacks. Re-
cently, multiple crystal structures of CXCR4 have been solved, which include
notable differences from other GPCR structures available, including a likely bi-
ologically relevant homodimer interface. These structures allude to unique dy-
namics and possible ligand design strategies. Explicit atomic level molecular
dynamics simulations of CXCR4 have been carried out, and are discussed in
the context of current trends and observations of GPCR dynamics, modeling
and functional modulation. Investigation of monomer-monomer interactions
were emphasized, and compared to crystal structure observations.
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Scaffolding proteins containing PDZ domains are among the most abundant in-
teraction partners of G protein-coupled receptors (GPCRs). Discovery and
characterization of GPCR-PDZ interactions are important steps in the under-
standing of these interactions and how they affect the function of GPCRs.
We have used the prototypical PDZ domain scaffold postsynaptic density pro-
tein 95 (PSD-95) to develop a generic high-throughput compatible approach to
accelerate the description of GPCR-PDZ interactions. By screening of two li-
braries of GPCR C-terminal tails, we have identified a number of novel
GPCR interactions with PSD-95, e.g. four of the somatostatin receptors
(SSTRs), the neuropeptide Y receptor Y2 and the chemokine receptor
CXCR2. These in vitro findings correlated well with the interactions in
HEK293 cells, which shows the potential for discovery of new interactions.
We show that a fluorescence polarization-based assay has higher sensitivity
than a pull-down assay for primary screening of GPCR-PDZ interactions.
Quantitative characterization showed inhibition constants (Ki values) around
100 mM or lower for known GPCR-PSD-95 interactions, and Ki values ranging
from below 100 mM to the detection limit of 1000 mM for the identified inter-actions. Quantitative characterization is useful to evaluate the significance of an
interaction and to compare the results with other studies. The results obtained
with different lengths of the receptor (full-length GPCR, the full cytosolic C-
terminal tail and peptides containing only the PDZ motif) and of the PDZ pro-
tein (full-length PSD-95 and isolated PDZ domains) were generally in close
agreement.
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Integrins are large heterodimeric cell surface adhesion receptors which are
central components of focal adhesion complexes and are crucial for a variety
of signal transduction events. They are ‘activated’ to a high affinity state by the
formation of an intracellular complex between the integrin b-subunit tail, the
membrane and talin, a process known as ‘inside-out activation’. The head do-
main of talin plays a key role in the formation of this complex. In this study,
activation of the integrin aIIb/b3 dimer by the talin head domain was probed
using a multiscale approach that combines coarse-grained and atomistic mo-
lecular dynamics (MD) simulations. A number of novel insights emerge
from these studies including: i) the important role of residues F992 and
F993 of the integrin aIIb subunit in stabilizing the aIIb/b3 dimer ‘off’ state;
ii) the crucial role of negatively charged moieties in talin F2-F3/membrane in-
teractions; iii) how interactions of the talin F2-F3 domain with negatively
charged lipid headgroups in the membrane induce a reorientation of the b trans-
membrane (TM) domain; iv) how an increase in the tilt angle of the b TM do-
main relative to the bilayer normal helps to destabilize the a/b TM interaction
promoting a scissor-like motion of the integrin TM helices. On the basis of
these results, a model of integrin inside-out activation by talin is proposed
which explains how talin facilitates the rearrangement of the a and b integrin
TM subunits, thus switching the integrin conformation towards an active high
affinity state.
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Thrombospondin-1 (TSP-1) is a potent anti-angiogenic factor downregulated in
many tumors. CD36 and b1-integrin are two of its key receptors, mediating its
anti-angiogenic activity by initiating signaling cascades that inhibit endothelial
cell migration and promote apoptosis. Receptor clustering on the plasma mem-
brane is thought to be important for initiating these signaling cascades. How-
ever, little is known about the mechanisms that contribute to CD36 and b1-
integrin clustering and how they lead to downstream signals. In this study,
we used quantitative single-molecule and super-resolution imaging to measure
the dynamics and spatial organization of CD36 and b1-integrin in human mi-
crovascular endothelial cells (HMVECs). We compared receptor dynamics
and spatial organization between unstimulated cells and cells exposed to
TSP-1 or 3TSR, a small subdomain of TSP1 which primarily binds to CD36
and b1-integrin. We found that treatments with either TSP-1 or 3TSR, at doses
that lead to HMVEC apoptosis, result in a significant increase in CD36 mobility
in a b1-integrin-dependent manner. We also found that treatment with TSP-1
increases Src phosphorylation at focal adhesions in a CD36 dependent manner.
Based on our data, we propose that CD36 and b1-integrin work together to ini-
tiate cellular signaling downstream of TSP-1 binding.
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Mathematical models based upon the biochemical reactions that effectively
define these networks have much promise as a tool for studying cell-
signaling networks. Such models could be studied computationally to gener-
ate hypotheses that can be tested experimentally. A major obstacle for
developing such models is ‘‘combinatorial complexity’’, i.e. the number of
potential states for the network becomes combinatorially large when post-
translational modifications and protein-protein complexes are considered.
